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ABSTRACT 
 
 
 
 
Hybrid code division multiple access techniques present the open door for the future of 
code division multiple access and wireless communications. Multicarrier CDMA is the 
most popular type of hybrid CDMA because of its robustness against multipath fading 
channels and flexible multiple access capability. MC-CDMA is a predictable technique 
for future high data rate wireless communication systems according to these appealed 
properties. The main drawback of MC-CDMA is the power level in uplink, i.e. the ratio 
of peak power to the average power is high and leads to high instantaneous power which 
is required in transmission of mobile station. However, there are many researchers 
working towards reducing the level of the transmitted power. This research presents new 
method of peak to average power ratio (PAPR) reduction. The proposed method is 
making use of the characteristics of uplink for current 4
th
 Generation (single carrier 
frequency division multiple access) which has low PAPR into current MC-CDMA 
system to reproduce a new MC-CDMA system (MC-CDMA-FDMA) with low PAPR 
and keep all the characteristics of the basic MC-CDMA system. MC-CDMA-FDMA 
reduced the level of power from 10 dB to 2 dB in case of 64 FFT size and Walsh 
Hadamard code is used in spreading block. In addition bit error rate has been reduced 
from 96x10
-5
 bps to 82x10
-5
 bps comparing to SC-FDMA bit error rate. The proposed 
system also has high flexibility to deal with modern communication systems with 
minimum required hardware at the base station through optimization of FFT size. The 
simulation results show that MC-CDMA-FDMA system will be a good candidate for 
beyond 4
th
 Generation for mobile communications. 
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ABSTRAK 
 
 
 
Teknik kod hibrid pelbagai akses merupakan kod akses pelbagai dan komunikasi tanpa 
wayar masa depan. Multicarrier CDMA adalah salah satu hibrid CDMA yang paling 
popular kerana keteguhan terhadap saluran pudar berbilang dan keupayaan pelbagai akses 
yang fleksibel. MC-CDMA adalah satu teknik untuk kadar data yang tinggi bagi sistem 
komunikasi data tanpa wayar masa depan kerana ciri-cirinya yang menarik. Kelemahan 
utama MC-CDMA adalah tahap kuasa di bahagian pautan atas, iaitu nisbah kuasa puncak 
kepada kuasa purata yang tinggi menyebabkan kuasa serta-merta menjadi tinggi, di mana 
kuasa tinggi ini sangat diperlukan dalam process pemancaran ke stesen mudah alih. 
Walau bagaimanapun, terdapat ramai penyelidik bekerja ke arah mengurangkan tahap 
kuasa pemancaran yang dihantar. Kajian ini membentangkan kaedah baru untuk 
mengurangkan puncak kuasa purata nisbah (PAPR). Kaedah yang dicadangkan 
menggunakan ciri-ciri pautan atas untuk Generasi ke-4  (iaitu pembawa tunggal frekuensi 
bahagian akses pelbagai) yang mempunyai PAPR rendah ke dalam sistem MC-CDMA 
terkini untuk menghasilkan satu sistem baru MC-CDMA yang dikenali sbagai (MC-
CDMA FDMA) dengan PAPR rendah dan mengekalkan semua ciri-ciri asas sistem MC-
CDMA MC-CDMA FDMA telah mengurangkan tahap kuasa dari 10 dB 2 dB dalam kes 
dimana 64 saiz FFT dan Walsh kod Hadamard digunakan dalam menyebarkan blok. Di 
samping kadar bit ralat telah dikurangkan daripada 96x10
-5
 bps kepada 82x10
-5
 bps jika 
dibandingkan dengan SC-FDMA kadar “bit error”. Sistem yang telah dicadangkan juga 
mempunyai fleksibiliti yang tinggi untuk berurusan dengan sistem komunikasi moden 
dan  menggunakan perkakasan yang minimum pada stesen pangkalan melalui 
pengoptimuman saiz FFT. Keputusan simulasi menunjukkan bahawa sistem MC-CDMA-
FDMA akan menjadi  calon yang sesuai untuk Generasi ke-4 bagi  komunikasi mudah 
alih. 
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
1.1 Research Background 
 
 
Wireless communications is an emerging field, which has seen enormous growth in the 
last several years. The spectacular growth of video, voice and data communication over 
the Internet, and the equally rapid pervasion of mobile telephony, justifies great 
expectations for mobile multimedia. Due to this growth of multimedia communication, 
the users demanded high data rate communication systems in wireless environment where 
the spectral resource is scarce (Sivanesskumar and Sukanesh, 2009). 
Code Division Multiple Access (CDMA) is an up-to-date technology widely used in 
operational radar, navigation and wireless multimedia telecommunication systems and 
playing a dominant role in the philosophy of the next generation high data rate wireless 
systems  (Ipatov, 2005) and (Qayyum,  Khan, Umair and Choudhry, 2013). 
CDMA is a multiple access technique where different users share the same physical 
medium, that is, the same frequency band, at the same time. The main ingredient of 
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CDMA is the spread spectrum technique, which uses high rate signature pulses to 
enhance the signal bandwidth far beyond what is necessary for a given data rate. 
In a CDMA system, the different users can be identified and, hopefully, separated at the 
receiver by means of their characteristic individual signature pulses (sometimes called the 
signature waveforms), that is, by their individual codes (Schulze and Lǜders, 2005). 
The conventional code division multiple access technique used in third generation system 
faces serious limitations by channel dispersion, causing inter symbol interference (ISI), 
and it requires advanced signal processing algorithms to contain it. Multi carrier CDMA 
(MC-CDMA) employing multiple stream of data channel can combat channel dispersion, 
hence ISI, thereby increasing system capability to accommodate a higher number of users 
and its data rate requirements (Kumar and Chellappan, 2009). 
Therefore MC-CDMA is formed by combining orthogonal frequency division 
multiplexing (OFDM) with CDMA became a significant research topic. Consequently 
MC-CDMA has the advantages of both CDMA and OFDM. The CDMA part increases 
spectrum utilization and the OFDM part reduces multipath fading and Inter Symbol 
Interference (ISI). Thus MC-CDMA is an efficient technique that reduces problems like, 
spectral limitation and distortion due to multipath channels. So it is considered as a strong 
contender for future mobile communication to obtain high data rates at downlink 
(Kumaratharan, Dananjayan, and Padmavathy, 2008) and (Kumar, Rasadurai and 
Kumaratharan, 2013). 
 
 
1.2 Problem Statement 
 
 
MC-CDMA is a transmission technique offering many appealing properties, such as 
robustness against multipath fading channels and flexible multiple access capability. On 
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the other hand, one of the most important limitations in MC-CDMA technique is the 
network capacity calculations. The point that must be taken into consideration to improve 
the user distribution for a given number of base stations, reverse signal power and power 
control. However, any MC signal (including MC-CDMA) experiences a high “peak-to-
average power ratio” (PAPR), i.e., the peaks of the instantaneous power are much higher 
than the average power level. Consequently, the signal reveals vulnerable to nonlinear 
distortions induced by the high power amplifier (HPA) of the transmitter which entail 
both signal-to-noise ratio (SNR) degradation and out-of-band emission (OBE) (Giannetti, 
Lottici, and Stupia, 2011). 
The other prevalent matter in researchers’ trends is how to implement wireless 
communication system with minimum required hardware at the base stations. At the same 
time the performance of the system must be kept on the same level. 
 
 
 
1.3 Objectives of the Research 
 
 
1. To simulate MC-CDMA system in order to estimate the performance of multi-user 
system over Rayleigh fading and Additive White Gaussian Noise (AWGN)  channel.  
2. To reduce transmission power (PAPR) of MC-CDMA system by 8 dB at least. 
3. To optimize FFT size so that wireless system will have less processing time and less 
hardware at base stations. 
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1.4 Research Methodology 
 
In order to perform this research; the following steps are taken: 
 
Literature Review: 
 
a) Initial study of Multiple Access Techniques suitable for cellular systems. 
b) Identify the critical parameters for performance optimization in cellular   
systems. 
c) Mathematical formulation for multiple access techniques: (DS-CDMA, TH-                 
CDMA, FH-CDMA, MC-DS-CDMA, MC-CDMA, etc.). 
 
MC-CDMA: 
 
a) Identify the suitable technique for next generations of mobile communications 
(MC-CDMA). 
b) Development of MC- CDMA algorithm using Matlab in order to evaluate the 
performance of MC-CDMA and to determine the parameters for improvement. 
c) Development of the new MC-CDMA algorithm using Walsh code and PN code. 
d) Development of the MC-CDMA algorithm using different modulation 
techniques such as QAM and QPSK. 
e) Development of the MC-CDMA system algorithm to determine the number of 
users. 
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f) Development of the MC-CDMA algorithm for optimum FFT size in each 
modulation technique such as PSK and QAM. 
g) Evaluation of MC-CDMA system PAPR and identify its parameters in order to 
determine method in reducing PAPR of the system. 
 
 
SC-FDMA: 
 
a) Identify the method which will be used to improve PAPR for MC-CDMA 
system (SC-FDMA). 
b) Development of the SC-FDMA Algorithm using Matlab. 
c) Development of the SC-FDMA Algorithm for different modulation techniques 
such as QAM and QPSK. 
d) Optimization of SC-FDMA system in order to determine the best FFT size which 
will produce robust system with suitable cost. 
 
MC-CDMA-FDMA: 
 
a) Design the proposed combination of MC-CDMA and SC-FDMA algorithm and 
formulate the mathematical equations. 
b) Development of the proposed combination of MC-CDMA and SC-FDMA 
algorithm using different modulation techniques like QAM and QPSK. 
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c) Development of the proposed combination of MC-CDMA and SC-FDMA 
algorithm to obtain the optimum FFT size for each modulation technique. 
d) PAPR Evaluation of the proposed system (MC-CDMA-FDMA). 
e) Analysis of the new developed algorithm of MC-CDMA-FDMA. 
f) Generate a comparison of the developed MC-CDMA-FDMA algorithm with 
current MC-CDMA algorithm. 
g) Results verification. 
 
 
1.5 Scope of the Research 
 
 
MC-CDMA combines the benefits of CDMA with the natural robustness to frequency 
selectivity offered by OFDM. It can be interpreted as CDMA with the spreading taking 
place in the frequency rather than temporal domain. In MC-CDMA, the processing and 
signature spreading occurs in the frequency domain. Optimum as well as linear receivers, 
such as the matched filter, decorrelator and minimum mean-squared error (MMSE) can 
be used in the frequency domain in an analogous way to their use in the time domain for 
CDMA.  
On the other hand; one of the major negative aspects with MC modulations is that when 
the sinusoidal signals of the n carriers add, most constructively the peak envelope power 
is as much as n times the mean envelope power. The ratio between the instantaneous 
power of these peaks and the average power of the signal (PAPR) is too large and 
therefore it reduces the A/D and D/A converters effective mean resolution. Moreover, it 
requires the use of power amplifiers that behave linearly up to the peak envelope power 
of the transmitted signal. 
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Besides that, MC-CDMA also suffers from PAPR problem because of the inherent nature 
of OFDM modulation. As the number of subcarriers increases, the hostile effect of high 
PAPR becomes more severe in an MC-CDMA system, which may cause spectrum 
regrowth, in-band distortion and impairment of detection efficiency when signal is passed 
through nonlinear devices used for system signal processing, such as digital-to-analog 
converters, mixers and transmit power amplifiers.  
MC-CDMA and MC-CDMA-FDMA simulations are limited in spreading and de-
spreading operations by using Walsh code in synchronous transmission due to it 
orthogonality, while in asynchronous PN code is depended because of its randomness. 
According to channel all the simulations are executed over Rayleigh fading and AWGN 
channel because its influence is close to the real channel effects of wireless 
communications. 
 
1.6 Contributions and Novelty of the Research 
 
 
MC-CDMA-FDMA system has minimum possible error rate which reduced from 96x10
-5
 
to 82x10
-5
 comparing to SC-FDMA bit error rate (the current uplink of 4G system), high 
throughput (around 1 Gbps), low PAPR level (from 10 dB to 2 dB) which led to longer 
battery life span, the system has high flexibility to deal with modern communication 
systems and minimum required hardware and processing time at the base station through 
optimization of FFT size. 
 
 
 
 
8 
 
1.7 Thesis Outlines 
 
 
The main objective of this thesis is to improve MC-CDMA drawback and to reduce the 
PAPR of the system by making a combination of MC-CDMA with SC-FDMA system. 
Chapter 2 contains an illustration of different multiple access scheme concepts with all 
the basics of Frequency Division Multiple Access (FDMA), Time Division Multiple 
Access (TDMA), Orthogonal Frequency Division Multiple Access (OFDMA) and Code 
Division Multiple Access (CDMA). The main types of CDMA are clarified and discussed 
in this chapter. 
In Chapter 3 the concepts relating to MC-CDMA are explained including the parameters 
that are related to MC-CDMA are defined and clarified with the required equations. The 
other point which presented in this chapter is spreading codes that can be used with MC-
CDMA like Walsh Hadamard and Pseudo Random codes. Peak to Average Power Ratio 
(PAPR) is defined with the required equations to calculate it. The main methods to reduce 
PAPR in MC-CDMA are discussed and highlighted in this chapter in addition to 
comparison with the proposed method used to build MC-CDMA-FDMA.  
Single Carrier-Frequency Division Multiple Access (SC-FDMA) is explained in Chapter 
4; its system model, subcarrier mapping with time and frequency structures. The main 
concepts of resource block of SC-FDMA are illustrated in this chapter in order to clarify 
the details of physical channel.  
Chapter 5 presents the definitions and design of MC-CDMA, SC-FDMA and MC-
CDMA-FDMA systems. The proposed system is designed to reduce PAPR of MC-
CDMA system. Mathematical formulations and specifications of the proposed system 
(MC-CDMA-FDMA) are discussed. 
Chapter 6 of the thesis includes the main simulation results of this research; For MC-
CDMA system: Simulation and results of MC-CDMA system are included with two 
types of spreading codes and the data were broadcasted over Rayleigh Fading and 
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AWGN channels. PAPR of MC-CDMA System over Rayleigh and AWGN Channel 
simulation is presented and MC-CDMA System with N-point FFT size is simulated to 
optimize the number of points in MC-CDMA system. Finally PAPR of MC-CDMA with 
N-point FFT size is calculated and plotted. For SC-FDMA system: simulation of SC-
FDMA system with various modulation techniques is included to evaluate the 
performance of SC-FDMA system and specify the suitable modulation technique for it. 
Then PAPR of SC-FDMA is simulated and highlighted to show how SC-FDMA has low 
level of PAPR. Finally, the effect of FFT size is considered and what is the optimum 
number of points for FFT in SC-FDMA system to have the best performance. SC-FDMA 
is evaluated and tested with various modulation techniques, for example PSK and QAM. 
For MC-CDMA-FDMA system: the simulation results of the system are presented to 
show how the proposed system has lower level of PAPR than MC-CDMA and lower 
BER than SC-FDMA. MC-CDMA-FDMA system has the main advantages of MC-
CDMA and SC-FDMA to be the most suitable technology for uplink physical layer of 
next generation cellular systems. 
Finally Chapter 7 presents the conclusions from this work with the suggested future 
work. 
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CHAPTER 2 
 
 
 
 
MULTIPLE ACCESS SCHEMES 
 
 
2.1 Introduction 
 
 
There are various multiple access schemes that have been used in cellular systems in the 
past few years which allow the network to share the available radio resources (i.e., time, 
frequency, code, and space) among a number of users in the cell in the downlink and 
uplink directions. Figure 2.1 illustrates the concept of resource sharing in various 
multiple access schemes (Ahmadi, 2011). 
Deterministic protocols are characterized by the fact that users know exactly when they 
can transmit as a schedule has been carefully assigned to them by a controller. In this 
case, the shared channel can be allocated to the different users through the assignment of 
channel resources, namely, time slots: timedivision multiple access (TDMA) as shown 
in Figure 2.1 (a), frequency bands: frequency division multiple access (FDMA) as in 
Figure 2.1 (b) or codes: code division multiple access (CDMA) as in Figure 2.1 (d). In 
all these cases, the assigned channel resources are orthogonal among users, which means 
that different users that transmit in different time slots, frequency bands or that use 
different codes for their transmission do not interfere with each other, at least in the 
presence of an ideal channel ( Benvenuto and Zorzi, 2011). 
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Figure 2.1: An illustration of different multiple access scheme concepts (Ahmadi, 2011). 
 
 
2.2 Frequency Division Multiple Access (FDMA) 
 
FDMA is the oldest, and conceptually most simple, multiaccess method. Each user is 
assigned a frequency (sub) band – i.e., a (usually contiguous) part of the available 
spectrum (see Figure 2.2). Hence, each user tunes its transmit and receive filters in order 
to successfully send and receive in its own sub-band, while filtering out what is 
transmitted elsewhere. 
(a)          (b) 
 
 
 
 
 
 
(c)         (d) 
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The assignment of frequency bands is usually done during call setup, and retained 
during the whole call. FDMA is usually combined with the Frequency Domain 
Duplexing (FDD) so that two frequency bands (with a fixed duplex distance) are 
assigned to each user: one for downlink (BS-to-MS) and one for uplink (MS-to-BS) 
communication (Benvenuto et al. 2011) and (Molisch, 2011). 
 
 
 
Figure 2.2: Principle of frequency division multiple access (Molisch, 2011). 
 
Pure FDMA is conceptually very simple, and has some advantages for implementation: 
1. The transmitter (TX) and receiver (RX) require little digital signal processing. 
However, this is not so important in practice anymore, as the costs for digital 
processing are continuously decreasing. 
2. (Temporal) synchronization is simple. Once synchronization has been 
established during the call setup, it is easy to maintain it by means of a simple 
tracking algorithm, as transmission occurs continuously.  
However, pure FDMA also has significant disadvantages, especially when used for 
speech communications. These problems arise from spectral efficiency considerations, 
as well as from sensitivity to multipath effects: 
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1. Frequency synchronization and stability are difficult: for speech 
communications, each frequency subband is quite narrow (typically between 5 
and 30 kHz). Local oscillators thus must be very accurate and stable; jitters in the 
carrier frequency result in adjacent channel interference. High spectral efficiency 
also requires the use of very steep filters to extract the desired signal. Both 
accurate oscillators and steep filters are expensive, and thus undesirable. If they 
are not admissible, guard bands can be used to mitigate filter requirements. This, 
however, reduces the spectral efficiency of the system (Molisch, 2011). 
2. Sensitivity to fading: since each user is assigned a distinct frequency band, these 
bands are narrower than for other multi access methods (compare TDMA, 
CDMA) – i.e., 5–30 kHz. For such narrow subbands, fading is flat in practically 
all environments. This has the advantage that no equalization is required; the 
drawback is that there is no frequency diversity. Remember that frequency 
diversity is mainly provided by signal components that are more than one 
channel coherence bandwidth apart. 
3. Sensitivity to random Frequency Modulation (FM): due to the narrow bandwidth, 
the system is sensitive to random FM. Thus, it is inversely proportional to the 
square of the bandwidth. On the positive side, appropriate signal-processing 
schemes can not only mitigate these effects but even exploit them to obtain time 
diversity. Note that the situation here is dual to wideband systems, where delay 
dispersion can be a drawback, but equalizers can turn them into an asset by 
exploiting frequency diversity. 
4. Intermodulation: the BS needs to transmit multiple speech channels, each of 
which is active the whole time. Typically, a BS uses 20–100 frequency channels. 
If these signals are amplified by the same power amplifier, third-order 
modulation products can be created, which lie at undesirable frequencies – i.e., 
within the transmit band. Thus either a separate amplifier for each speech 
channel, or a highly linear amplifier for the composite signal is needed – each of 
these solutions makes a BS more expensive. 
14 
 
It is for these reasons that FDMA is mostly used for the following applications: 
1. Analog communications systems: here, FDMA is the only practicable multiple 
access method. 
2. Combination of FDMA with other multiple access methods: the spectrum 
allocated for a service (or a network operator) is divided into larger subbands, 
each of which is used for serving a group of users.  
3. High-data-rate systems: the disadvantages of FDMA are mostly relevant if each 
user requires only a small bandwidth – e.g., 20 kHz. The situation can be 
different for wireless Local Area Networks (LANs), where a single user requires 
a bandwidth on the order of 20 MHz, and only a few frequency channels are 
available. 
 
 
2.3 Time Division Multiple Access (TDMA) 
 
 
For TDMA, different users transmit not at different frequencies but rather at different 
times (see Figure 2.3).  
 
 
Figure 2.3: Principle behind time division multiple access (Molisch, 2011). 
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A time unit is subdivided into N timeslots of fixed duration, and each user is assigned 
one such timeslot. During the assigned timeslot, the user can transmit with a high data 
rate (as it can use the whole system bandwidth); subsequently, it remains silent for the 
next N − 1 timeslots, when other users take their turn. This process is then repeated 
periodically. At first glance, this approach has the same performance as FDMA: a user 
transmits only during 1/N of the available time, but then occupies N times the 
bandwidth. However, there are some important practical differences: 
 
1. Users occupy a larger bandwidth. This allows them to exploit the frequency 
diversity available within the bandwidth allocated to the system; furthermore, the 
sensitivity to random FM is reduced. On the flipside, equalizers are required to 
combat Inter Symbol Interference (ISI) for most operating environments; this 
increases the effort needed for digital signal processing (Molisch, 2011). 
2. Temporal guard intervals are required. A TX needs a finite amount of time to 
ramp up from 0-W output power to “full power” (typically between 100mW and 
100 W). Furthermore, there has to be sufficient guard time to compensate for the 
runtime of the signal between the MS and BS. It is possible that one MS is far 
away from the BS, while the one that transmits in the subsequent timeslot is very 
close to the BS and thus has negligible runtime. As the signals from the two 
users must not overlap at the BS, the second MS must not transmit during the 
time it takes the first signal to propagate to the BS. Note, however, that there is 
no need for frequency guard bands, as each user completely fills up the assigned 
band (Molisch, 2011). 
3.  Each timeslot might require a new synchronization and channel estimation, as 
transmission is not continuous. Optimization of timeslot duration is a challenging 
task. If it is too short, then a large percentage of the time is used for 
synchronization and channel estimates (in GSM, 17% of a timeslot are used for 
this purpose). If the timeslot is too long, transmission delays become too long 
(which users find annoying especially for speech communications), and the 
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channel starts to change during one timeslot. In that case, the equalizer has to 
track the channel during transmission of a timeslot, which increases 
implementation effort. If the time between two timeslots assigned to one user is 
larger than coherence time, the channel has changed between these two timeslots, 
and a new channel estimate is required (Molisch, 2011). 
4. For interference-limited systems, TDMA has a major advantage: during its 
period of inactivity, the MS can “listen” to transmission on other timeslots. This 
is especially useful for the preparation of handovers from one BS to another, 
when the MS has to find out whether a neighboring BS would offer better 
quality, and has communications channels available (Molisch, 2011). 
5. TDMA schemes can be inefficient when some users do not have data to send as 
their slots will go unused in that case. There exist more sophisticated solutions 
where multiple slots can be allotted to a given user. However, this can be 
implemented at the price of some extra communication overhead. In general, the 
TDMA paradigm relies on a central controller to distribute the slot assignments. 
Further details and performance evaluation for these schemes are given in 
(Benvenuto et al. 2011). 
 
 
2.4 Orthogonal Frequency Division Multiple Access (OFDMA) 
 
 
In OFDMA, an OFDM symbol is constructed of sub-carriers, the number of which is 
determined by the FFT size. There are several sub-carrier types:  
1. Data sub-carriers are used for data transmission. 
2. Pilot sub-carriers are utilized for channel estimation and coherent detection. 
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3. Null subcarriers are not used for pilot/data transmission. The null sub-carriers are 
used for guard bands and DC sub-carrier. The number of sub-carriers used is 
always less than the FFT/IFFT size. The guard bands are used to allow spectrum 
sharing, and to reduce the adjacent channel interference and out-of-band 
emissions. The sampling frequency is selected to be greater than or equal to the 
channel bandwidth. In order to ensure that the number of time samples in a 5 ms 
radio frame is an integer and to further simplify the design of the analog transmit 
filter, the sampling frequency is scaled by a factor greater than one (Ahmadi, 
2011). 
 
The most popular application of combination access schemes is the uplink of 4
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Generation of mobile communications Single Carrier-Frequency Division Multiple 
Access SC-FDMA which is OFDMA combined with TDMA. In other words, the 
spectral resources, as represented in the time/frequency plane, are assigned in a flexible 
manner to the different users. Furthermore, different users can have different data rates. 
The transmissions for a specific user are scheduled to happen in those frequency bands 
that offer the best propagation conditions, thus exploiting multiuser diversity (Molisch, 
2011). 
 
 
2.5 Code Division Multiple Access (CDMA) 
 
 
Code division modulation is widely employed in modern communications under the 
name of CDMA, for example in the Universal Mobile Telecommunications System 
(UMTS) standard. CDMA is a hybrid modulation where a biorthogonal extension of the 
code division modulation signal set is used, and where different codewords are 
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associated to different users to guarantee the orthogonality between simultaneous 
transmission, thus obtaining a multiple user communication. Since different codewords 
are associated with different users, in CDMA each user is effectively exploiting a binary 
antipodal transmission scheme. Extensions to higher modulation formats as QPSK are 
also used (Benvenuto et al. 2011). 
According to the classification based on the modulation method used to obtain the 
spread spectrum signal, CDMA types are shown in Figure 2.4 and discussed as follows: 
 
 
 
 
 
 
 
 
 
Figure 2.4: Classification of CDMA Techniques 
 
 
 
 
 
CDMA 
Hybrid CDMA 
Pure CDMA 
DS-CDMA 
FH-CDMA 
TH-CDMA 
MC-CDMA 
MC-DS-CDMA 
TD-SCDMA 
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2.5.1 Direct Sequence-Code Division Multiple Access (DS-CDMA) 
 
Nowadays, DS modulation has been used for many commercial communication systems 
(almost all 3G mobile cellular systems use DS-CDMA as their prime multiple access air-
link architecture) and measurement instruments. It is reasonable to expect that DS 
modulation will continue to be a familiar form of spreading modulation scheme in the 
years to come due to its unique and desirable features. Characteristic of DS spreading 
modulation is just exactly that modulation of a carrier by a code sequence.  
The use of DS-CDMA can effectively enhance overall bandwidth efficiency compared 
with traditional multiple access schemes, such as FDMA and TDMA. Spectrum is 
extremely expensive; it has to be purchased from various governmental licensing 
authorities at auction, and sometimes those auctions have involved billions of US dollars 
(or equivalent monetary value in other currencies). It represents a considerable 
investment by a service carrier. Therefore, the bandwidth efficiency of a communication 
technology will be a primary concern for any network operator. The right selection of a 
suitable multiple access scheme to provide multi-user services is of ultimate importance. 
DS-CDMA-based mobile cellular carries more calls than TDMA-based technologies. 
Generally speaking, CDMA will carry between two and three times as many calls 
simultaneously as TDMA in the same amount of bandwidth. Another major advantage 
of CDMA is its capability for dynamic allocation of bandwidth. In order to understand 
this, it is important to realize that in this context in CDMA; „bandwidth‟ refers to the 
ability of any user to get data from one end to the other. It does not refer to the amount 
of spectrum used by the user, because in CDMA every terminal uses the entire spectrum 
of its carrier whenever it is transmitting or receiving. On the other hand, TDMA works 
by taking a channel with a fixed bandwidth and dividing it into several time slots. Any 
given mobile terminal is then given the ability to use one or more of the slots on an 
ongoing basis, if it is in a call (Abu-Rgheff, 2007).  
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2.5.2 Frequency Hopping-Code Division Multiple Access (FH-CDMA) 
 
 
Comparing to the DS-CDMA technique, the FH-CDMA technique is a relatively less 
widely used CDMA scheme in real applications. The reason for its less wide acceptance 
is owing to several factors. First, the FH technique requires a very accurate reference 
clock in the whole wireless system which uses the FH-CDMA technique for user 
separation. This accurate network-wide reference clock is very costly to implement 
using currently available digital technology. 
Maybe in future the situation will be different with the advancement in micro-electronics 
technologies. Second, the hardware to implement an FH-CDMA is still much too 
complex compared to DS-CDMA under the same maximum data transmission rate 
constraint. Therefore, system designers still prefer DS-CDMA to FH-CDMA for most 
commercial wireless applications (Abu-Rgheff, 2007). 
In frequency hopping CDMA, the transmission bandwidth is divided into frequency sub-
bands, where the bandwidth of each sub-band is equal to the bandwidth of the 
information signal. A pseudo-random code is then used to select the sub-band, in which 
the information signal is transmitted and this sub-band changes periodically according to 
the code. There are two sub-categories of FH-CDMA: 
 
1. Fast frequency hopping where one complete, or a fraction of the data symbol, is 
transmitted within the duration between carrier hops .Consequently for a binary 
system, the frequency hopping rate may exceed the data bit rate. 
2. Slow frequency hopping system, more than one symbol is transmitted in the 
interim time between frequency hops (Chen, 2007). 
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Figure 2.5 illustrates how the carrier frequency hops with time. Let time duration 
between hops be Th and data bit duration be denoted by Tb, then (Chen, 2007): 
 
 Th ≤  Tb for fast hopping                    (2.1)  
 
 Th >  Tb for slow hopping                    (2.2) 
 
 
 
 
Figure 2.5: Carrier frequency hopping from one frequency to another (Chen, 2007). 
 
The FH-CDMA transmitter shown in Figure 2.6 consists of the following basic blocks, a 
data modulator, a mixer (denoted simply by a multiplier in the Figure), an FH pattern 
code generator, a synthesizer, and an antenna. The data modulator will perform the 
digital modulation between the user data m(t) and the main carrier signal. The 
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synthesizer will work according to the hopping sequences generated by the code 
generator (Abu-Rgheff, 2007) and (Chen, 2007).  
Usually, the code generator can produce a great number of different patterns, each of 
which will be used by the synthesizer to generate a particular carrier, which will be 
multiplied with the data modulated signal in the mixer to produce an up-converted 
transmitting signal from the antenna. Therefore, the carrier frequency of the transmission 
signal is under the control of the code generator, which can also control the FH rate from 
one frequency to another. The hopping rate is a very important parameter in an FH-
CDMA system, which will determine if it is a fast-hopping or a slow-hopping FH 
system (Abu-Rgheff, 2007). 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.6: Basic FH transmitter (Abu-Rgheff, 2007) 
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2.5.3 Time Hopping-Code Division Multiple Access (TH-CDMA) 
 
 
The third CDMA technique, TH-CDMA, is found to be much less widely used than the 
previous two mainly due to its implementation difficulties and the hardware cost 
associated with its transmitter, which should provide an extremely high dynamic range 
and very high switching speed. 
The TH technique, in fact, works in a very similar way as a digital modulation scheme 
called pulse position modulation (PPM) (Abu-Rgheff, 2007).  
The TH-SS (Time Hopping Spread Spectrum) technologies are not as popular as the 
other two spread spectrum techniques, i.e. the DS-SS (Direct Sequence Spread 
Spectrum) and FH-SS (Frequency Hopping Spread Spectrum) techniques. The main 
reason is implementation difficulties, especially for the pulse generator, which is the 
core of a TH-SS system and should be able to produce a train of very narrow impulses 
with its width being at an order of nano-seconds. The pulse generator should also 
provide very good timing accuracy, such that the PPM can be effectively applied to code 
different SS sequences for multiple access. 
The TH-SS technique seldom works independently in an SS system (except for the case 
of an ultra-wideband (UWB) system, a technology developed based on the TH 
technique). Instead, it works with some other SS modulation schemes, in particular the 
FH technique, which has been discussed in the previous section, to result in a time-
frequency hopping SS scheme. 
In the TH-CDMA system, a pseudo-noise sequence defines the transmission moments, 
rather than the transmission frequency as FH does. The data signal in time-hopping 
CDMA is transmitted in rapid bursts at time intervals determined by the code assigned 
to the user. The time axis is divided into frames, and each frame is divided into M, time 
slots. During each frame the user will transmit in one of the M time slot, which of the M 
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time slots is transmitted depends on the code signal assigned to the user. Since a user 
transmits all of its data in one, instead of M, time slots, the frequency it needs for its 
transmission has increased by a factor M. A block diagram of a TH-CDMA system is 
given in Figure 2.7 (Jiang, Zhang, and Lu, 2009). 
 
 
 
 
 
 
 
 
 
Figure 2.7: Block diagram of TH-CDMA transmitter and receiver (Abu-Rgheff, 2007). 
 
 
2.5.4 Hybrid Code Division Multiple Access 
 
 
The increasing demand for high data rate transmission for newly evolving wireless 
communications systems, has challenged the researchers to exploit new modulation, 
diversity and coding techniques to overcome the limited natural wireless resources: 
frequency and power (Elnoubi and Hashem, 2008). 
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